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INTRODUCTION 


Several investigations demonstrated the accumulation of lead in roadside soils due to traffic 
exhaust gasses (e.g. Nriagu, 1978). In spite of the toxic potentials of such lead pollutions, 
there appears to be no effect on the abundance of Collembola and Isopoda (Williamson & 
Evans, 1973). Apparently these animals possess some lead tolerance mechanism. 

Prosi et al. (1983) described a lead uptake and detoxification-retention mechanism for 
woodlice, and Joosse & BVuker (1979) reported an excretion mechanism for springtails. 

This difference in physiological equipment may explain why concentration factors (C.F.) of 
Pb in isopods (relative to soil) are usually much greater than C.F.'s of Pb in Collembola 
(relative to soil). It was also shown by van Straalen (1985) that the C.F. for Pb in Collembola 
decreased with increasing Pb concentration of the soil. Variation in heavy metal C.F.'s is also 
characteristic for woodlice (e.g. van Capelleveen, 1985, Williamson, 1979). 

One of the reasons for this variation might be that the extent to which soil animals are exposed 
to Pb in the soil, is incompletely known. If soil animals are able to avoid contaminated food, 
and if Pb is heterogeneously distributed over their habitat, then the exposure to Pb is lower 
than would be deduced from the average soil concentration. A similar mechanism was 
described by Joosse et al. (1981) and Wentsel et al. (1977). . 

This paper deals with that possibility, compairing two ecophysiologically different animals, 
Orchesella cincta (Collembola) and Porcellio scaber (Isopoda), with completely different lead 
tolerance mechanisms. 


MATERIALS AND METHODS 


Lead analyses were done on a total of 50 soil cores, each divided in three horizons (Ago Ag, 
A1), taken from a roadside woodland along the N50 motorway, the Netherlands. During the 
preference experiments with O. cincta, subadult individuals were used, which moulted the day 
before the start of the experiment. Green algae contaminated with leadnitrate (100, 200, 400, 
800 and 1600 ug/g Pb), with correction for nitrate by addition of potassiumnitrate, were 
offered as food. The animals were kept individually in polyethylene containers (Ø 5 cm) and 
were able to choose between an uncontaminated and contaminated green algae preparation. For 
each combination 30 replicates were used. Observations were made with one hour intervals. 
The woodlice (P. scaber) were fed with 2 years old grinded oakleaf litter, contaminated with 
leadnitrate (25, 50, 100, 200, 400, 800 and 1600 ug/g Pb), corrected for nitrate by addition of 
potassiumnitrate. During the experiments the animals could individually choose between an 
uncontaminated and one of the contaminated leaf preparations. The woodlice had a 
body-length of 8-12 mm, and were starved for 24 hours prior to the experiment. Throughout 
the 72 hours lasting preference experiments, the animals were kept individually in pyrex 
containers (Ø 7 cm). For each combination, 20 animals were tested. Consumption was 
determined by weighing and reweighing the food (dwt). The degree of preference was defined 
by the formula: — 
1 ` 
consumption a + consumption b 
(a = contaminated food, b = uncontaminated food). 
All experiments were carried out at 20°C and a 12 hours light rhythm. 
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RESULTS 


Figure 1 shows that the lead concentration in the litter layers decreases with an increasing 
distance from the road, with the exception of the concentrations in the A,-horizon. In the latter 
the highest lead concentrations are found at a distance of 5 to 15 meters from the road. 
Between the five different transects there appears to be a significant difference in lead 
concentrations in all three horizons. The difference between the horizons is also significant, 
with the A,-horizon always having the highest lead concentrations. 

Results on the discriminating ability of O. cincta are presented in figure 2. No significant 
preference for uncontaminated food can be observed in a range up to 1600 ug/g Pb. 

The discrimination of P. scaber with regard to the lead concentrations of the food is shown in 
figure 3. No preference for uncontaminated food can be noticed, when the alternative food has 
lead concentrations up to 50 ug/g. From concentrations of 100 ug/g Pb, the uncontaminated 
food is significantly preferred to the polluted food. 


DISCUSSION 


The results on the lead concentrations in the litter from the roadverge, clearly demonstrate the 
existence of a spatial heterogeneous distribution of the lead contamination, both in horizontal 
and vertical sense. This situation could offer the soil animals the opportunity to evade exposure 
to high lead concentrations. 

The absence of an avoidance response in O. cincta, makes it implausible that they can percieve 
different lead concentrations in the field situation, since the highest experimental 
concentrations exceed the field situation. Apparently, an explanation for the variation in C.F.'s 
cannot be given on the basis of an avoidance mechanism. 

Isopods are obviously quite capable of avoiding food with a high lead concentration. This 
enables them to reduce their exposure to lead in a roadverge. There are however, a few 
restrictions. Firstly, it is open to question whether the woodlice also can discriminate 
accurately between polluted and less polluted food from the roadside itself.Experiments 
showed that they lose some of their precision under such circumstances (unpublished data), 
probably due to the lower availability of lead in field material. Secondly aspects of food quality 
and palatability interefere with the food choice, resulting in a higher threshold value for lead 
avoidance (about 300 ug/g Pb, between A, and A,, leaf material). 

Nevertheless, an estimation of the lead concentration of natural food of woodlice at the 
roadside, based on the lead concentration of faeces collected at the roadside and the lead 
assimilation efficiency of polluted roadside litter, revealed a pronounced lead avoidance by the 
woodlice in the field. 

The presence of an avoidance mechanism in P. scaber, and its absence in O. cincta, can be 

explained by physiological and ecological differences. Woodlice accumulate lead by a strong 
retention-detoxification mechanism (e.g. Prosi et al., 1983), probably due to the interaction of 
lead with essential metals such as copper and calcium (Beeby, 1978). The recognition of these 
kind of metals in the food might therefore be plausible (Hassall & Rushton, 1985). 

Minimalizing the lead uptake, by avoidance, could be essential in not overloading this retention 
mechanism. 

Collembola have no special demands for those kind of metals and they are not very specialized 
in their food choice (Vegter, 1983). Their tolerance mechanism with regard to lead is based on 
the efficiency of excretion, by way of the regular production of a lead containing gut pellet at 
each moult (Joosse & Buker, 1979; van Straalen et al., 1985). Given the efficiency of the 
excretion mechanism, they do not need to avoid contaminated food. 
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